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(54) AbstrectTitie 

now oofitrol apparatus and metliod 

(57) A method for obtaining equalized production from deviated wellbores comprising a plurality of spaced 
apart flow control device 20a-n which are deployed along the length of the wellbore 14. Each control device 
includes a flow vah^e 24a-n and control units 26a-n to control flow output from the flow control device. The 
control unit may communicate with surface equipment 50 or act autonomously to take actions downhole 
based on programmed instructions priovided to the control unit. The fluid from various zones Zf-Zn are drawn 
in a manner that depletes the reservoir uniformly along the entire length of the wellbore. Each flow control 
device is initially set at a rate determined from initial reservoir simulations or models. The depletion rate* 
water, oil and gas content pressure, temperature and other desired parameters are determined over a time 
period. This data is utilised to update the initial reservoir model which in turn is utilised to adjust the flow rate 
from one or more zones so as to equalize the flow rate from the reservoir. The present invention also provides 
8 flow control device which includes an outer shroud (fig2Br235) that reduces the effect of fluid impact on the 
flow control device and one or more tortuous paths (fig2A,214) which carry the formation fluid into the 
production tubing (fig2Ap220). 
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Horizontal Well with Permeabllty Contrasts and Shale 




Figure 7A 
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The well has been drilled, logged and geophysical map has been created 
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Reservoir inflow Control Device is Instaiied 
And Production Liner Can Be Run 
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FLOW CONTROL APPARATUS AND METHOD 
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This invention relates flenereUy to methods of produdng hydrocarbons 

6 from wellbores formed In subsurfscefonnatlons«uln«re partis 

7 apperetus end methods for regulating and/or equalizing produetton from 

8 differertzonesofawe«boretooptlmlzetheproduc.tonft^ 

g reservoirs or pay zones. 



10 

j1 2. pp^tWfTmund of the Aff 
12 



13 To produce hydrocarbons from earth fom«rtfons.v«abores are drt^^ 

14 mto reservoirs or pay zon^. Such wellbores are completed and perforated 

15 at one or more zones to recover hydrocarbons from the reservoirs. 

16 Horizontalwellboresarenovvfrequemlyfom^dlntoapayzonetoihcrease 

17 production and to obtain on the eggregate higher quantities of the 

18 hydrocarbons from such reservoirs. 
19 

20 Sand screens of various designs and slotted liners are commonly 

21 placed between the fomurtion and a tubing (production tubing) m the 



1 wellbore, which transports formation fluid to the surface to prevent .entry of 

2 sand and other solid particulates into the tubing. Screens of different sizes 

3 and configuration are comnfu>nfy used as sand control' devices. The prior art 

4 screens typically erode substantially over time. The present invention 

5 provides a screen which Is less susceptible to erosion compared to prior ait 

6 screens. 
7 

8 Excessive fluid flow rates from any production zone can cause, 

9 among other things, excessh^e pressure drop between the formation and the 

10 weiibore casing, relatively quicic erosion of inflow devices, water or gas 

11 coning, caving, etc. Therefore, to avoid such problems, fluid flow from each 

12 production zone is controlled or regulated. Several flow control devices have 

13 been utilized for regulating or controlling production of formation fluids. One 

14 recent device passes the formation fluid through a spiral around a tubular to 

15 reduce the pressure drop before the fluid is allowed to enter the tubing. The 

16 spiral provides a tortuous -path, which can be plugged at one or more places 

17 to adjust the fluid flow from the formation to the tubing. This device, 

18 although effective, must be set at the surf ace prior to its installation. United 

19 States Patent Application Serial No. 08/673,483 to Coon, filed on July 1, 

20 1996, and assigned to the assignee of this application, discloses an 

21 electrically operable sliding sleeve for controlling fluid flow tiirough a 

2 



1 tortuous path. T«s sliding sleeve may be operated from the surface. U.S. 

2 Appricatlon No. 08/673,483 18 incorporated herein by reference. The 

3 presemim^ntlon provides a ftow oontrol device that can be open^^ 

4 or set at any intermediate flow rate from the surface. It also includes 

5 multiple flow paths, each of which may be Independently controlled to 

6 control the formation-fluid flow into the tubing. 
7 

8 In vertical wdlbores, several lones are produced simuhaneously. In 

9 horizontal v*rellbores, the wellbore may be perforated at several zones, but 

10 is typically produced from one zone at a time. Thte is because the prior art 

11 methods are not designed to equalize flow from the reservoir throughout the 

12 entire wellbore. Further, the prior art methods attempt to control pressure 

13 drops and not the fluid flows from each of the zones simultaneously. 
14 

15 The present invention pro>ides methods for equalizing fluid flow from 

16 multiple pr^odudng zones in a horizontal wellbore. Each production zone may 

17 be independently controlled from the surfa<^ or downhde. This invention 
16 -too provides an ahemative system wherein fluid flow from various zones is 
19 set at the surface based on res^ir modeling and field simulations. - 

20 
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2 

3 The present Invention provides a fluid flow control device for 

4 controiring the fomwtlon-fluid flow rrte through a production string. The 

5 device includes a generally tubular body for placement into the wellbore. 

6 The tubular body is lined with a sand screen and an outer shroud. The 

7 shroud reduces the amount of fluid that directly impacts the outer surface 

8 of the screen, there*»y reducing the screen erosion and increasing the screen 

9 life. The fluid from the scTBoi flows into one or more tortuous paths, foch 

10 tortuous path has an associated flow control device, which can be activated 

11 to iixiependently open or dose each tortuous path. Alternatively, flow from 

12 each path may be regulated to a desired rate. 
13 

14 Each flow control device further may include a control urat for 

15 controlling the output of the flow control device. The control unit may 

16 communicate with a surface control unit, which is preferably a computer- 

17 based system. The control unit perfonns two-way data and signal 

18 communicatiort wWi the surface unit. The control unit can be programmed 

10 to control its associated device based on command signals from the surface 

20 unit or based on programs stored in the control unit. The comminiication 

21 may be via any suitable data communication link Including a wireline, 

4 



1 ^^^^^^^'^^■'^'^'^'^ 

4 oti«r»Klc»«rol«»fl«U.1.<.wl«-on.n«ruc«o»p«.9r»^ 

6 surface control unit. 

] in . p««e™d math*., a plur-tty of .paced .p«t flow d«le. 

9 „dM^al«««hel«>8*o«th.h»*o«rtwdlbor..ln.n.n»«^ 

1, wl«d«^th.«a-v*. unKom-y along t^ew^'-s*''* *. 

12 ,«««,e.To«h^»«onnd.p«ion...*«owcbnOold«*»l.ln^ 

14 .,p«.onr«a.w««;...«-9.» -•''^•'^•'^ 
18 *.si,-pa»n«««a,.da«nn,nedov«.tim,P«ibd.-FW.d«.l.u<ir"- 
,8 «upd«.««inNW«»vo.,n»d...whtehin»iml.«.ili»d»«iiu«th. 

17 «owr«.f«.mcn.o,m«.»n.s — 

18 r«tt«rvoir. 
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in an alternative method, production zones are defined and flow 
Z setting for eaoh zone is fixed at the surface prior to installation of the flow 



1 control devices. Such a system is relatively inexpensive but would only 

2 partiafly equalize the production from theteservolr as it would be based on 

3 a p/to// reservoir tcnowledge. 
4 

5 The present invention provides a method of producSn9 hydrocarbons 

6 from a reservoir having a deviated/substantially horizontal wellbore formed 

7 therein, said method, comprising: (a) placing a plurality of flow control 

8 devices In the wellbore, each flow «ontrol device set to produce formation 

9 fluid at an initial rate associated with each such flow control devicer (b) 

10 deteimining at least one characteristic of the fluid produced through tiie 

11 wellbore; and (c) adjusting the flow rate through said flow control devices 

12 so as to equalize depletion of hydrocarbons from the reservoir over a time 

13 period. 
14 

15 Examples of the more important features of the invention have been 

16 summarized rather broadly in order that the detailed description thereof that 

17 follows rrwy be better understood, and In order that the contributions to the 

18 art may be appreciated. There are, of course, additional features of the 

19 invention that virtll be described heranafter and which wfll form the sut^ect 

20 of the claims appended hereto. 
21 
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3 For detailed «nderst-r.fi«0 of the pre^em invention, reference should 

4 |«^etothefollow.n9detaUedde«:riptlonofthepreferredemb^^ 

5 taKen.nconn«K:iionwW.theaacornpar^nfld^^^ 

6 have been given like numerals, and wherein: 

8 FK3Mshov^ a horizontal welltx,re having a plurality of spac^ 

9 flow control devtees for producing hydrocarbons from a reservoir 

10 to one method of the present invention. 

« HO. 2A shows a partial schemMic view of a flow control device for 

13 use in the system shown m FIQ. 1 . 

14 

15 FIG. 2B shows a partial cut off view of a sand coirtrol section for use 

16 with the flow control device of FIQ. 2A. 

17 

18 FIG. 3 shows control devices and certain sensors for use with the flow 

19 control device of BQ 2A. 
20 

21 RG. 4 shows a hypothetical graph showing the flow rate from various 



1 zones of a horizontal wellbore dccording to one method of the present 

2 invention. 
3 

4 FIG. 5 shows a relationship between ti>e pressure differential and the 

5 flow rate associated wtth various production zones of a wellbore. 
6 

7 HO. 6 shows a scenario relating to the effect pf adjusting the flow 

8 rate from a production zone on production of hydrocarbons and water from 

9 such zone. 
10 

11 FiG« 7 shows an alternative method of equalizing production from a 

12 reservoir by a horizontal wellbore to the method of system of HQ. 1 
13 

14 ppTAH gP DF ffCRiPTlOW OP PREFgRBgP EMBQDlMEMTS 
15 

16 FIG. 1 is a schematic illustrating a $ystem 10 for producing 

17 hydrocarbons from a wellbore according to one method of the present 
IB invention. FIG. 1 shows a wdlbore 14 having an upper casing 12 formed in 

19 an earth formation 1 1 according to any Icnown method. A pluraGty of fluid 

20 flow devices or fluid flow devices 20a-n are placed spaced apart in tlie 

21 horizontal segment 14a of the wellbore 14. For the purposes of this 

8 



I di«do«.re.. flow control de»i« IS 8«"«y<i«^nrt«i by m« 

3 cort,olde«ic«20ared»e*«lbdowin«l«««.t.flOS2A*.H»»«»r, 

4 tethepu,po«of*bi>w«ti«,.any.ui»bl.lk,wo6-«rold«lc.m.yrt«, 

5 b.uMd. Tl»««dnfl.b«w.«tt»fl«w«onMd«io»20«.d«W^ 

6 b.,«lon1hect«™ot«nsti«ofth.r««volr11.«<l««Hb«lI«mor.^d^ 

7 later. 
8 

9 Each flow cofrtrol device 20a-n includes a flow valve and a control 

10 unit. The devices 20aH. are respectively shown to contain flow regulation 

II devices such as valves, valves 24eH» and control units 26a^.. For the 

12 purposes of this invention, a flow control device is generally designated by 

13 numeral 24 and a control unit is generally designated by nurneral 26. Also, 

14 for the purpose of iWs invention, flow control valves 24 shall mean to 

15 include any device that is utilized to control the flow of fluid frpm the 

16 reservoir 11 into the wellbore 14 and control units 26 shall mean to include 

17 any circuh or device that controls the flow valves 24. 

18 When the wellbore is in production phase, fluid 40 flov« froni the 

19 fomiatlon 11 into channels 22a. 22n at each flow control device, as shown 

20 by the arrow 22a'-22n'. The flow rate through any flow oontrol devices 20 

21 will depend upon the setting of its associated flow control valve 24. For the 



1 purpose of illustration, the flow rates associated with the flow control 

2 devices 20i*-20n are respectively designated by Qt-Q. corresponding to 

3 production zones Z,-Zb' of -tfie formation 11. 

4 Stili refemng to HG. 1, each flow control device 20a-20n or zon^ Z,* 

5 Z. may have any nunitier of devices and sensors for determining seleefed 
6. formation and wellbore parameters. Qements 30a-30n respectively 

7 represent such devices and sensors corresponding to flow control devices 

8 20a-20n or zones Zi-Z^. Such devices and soisors are generally designated 

9 by numeral 30. Devices and sensors 30 preferably include temperature 

10 sensors, pressure sensors, differential pressure sensors for providing the 

11 pressure drop between selected locations corresponding to the production 

12 zones Z,-Z„, flow rate devices, and devices for determining the constituents 

13 (oil, gas and water) of the formation fluid 40. Paclcers 34 may be 

14 selectively placed in the wellbore 14 to prevent the passage of the fluids 

15 through the annulus 39 between adjacent sections. • 
16 

17 The control units 26a-26n control the operation of their associated 

18 flow control valves 24a-24n. Each control unit 26 preferably indudes 

19 programmatHe de«^es, such as microprocessors, memory devices and other 

20 circuits for controlling the operation of the flow control devices 20 and for 

21 communicating with other sensors and devices 30, The control units 26 

10 



1 also may be adapted to receive sigr^als and data from the devices and 

2 sensors 30 and to process such information to determine the downhoie 

3 conditions and parameters of interest. The control unHs 26 can be 

4 pmgrammed to operate their corresponding flov^comrol d 

5 upon stored prog^ms or commands provided from an external unit. They 

6 preferablyhaveatwowaycommunicationv^asurfacecontm^ 

7 The surf«« control system SO preferably is a computer4«sed system a 

8 is coupled to a display and monitor 52 and other peripherals, general^ 

9 referred to by numeral 64. which may incTude a recorder, alamis. satellfte 
10 communication units, etc. 

11 

12 Prior to drilHng any wellbore. such as the wellbore 12, seismic surveys 

13 are made to map the subsurface fom.ations. such as the fom^ation 11 . If 

14 crtherwdlbores have been drilled in the same fiald.v.ell data would exists 

16 the field 1-1. All such information is preferably utilized to simulate the 

16 condhion of the reservoir 11 surrounding the wellbore 14. The reservoir 

17 simulatiorv or model is then utilized to detemiine the location of each flow 

18 control device 20 m the wellbore 14 and the initial flow rates O.-d,. The 

19 flow control devices 20a.20n ere prefersWy set at the surface to produce 

20 fomiation fluids therethrough at such initial flow rates. The flow control 

21 devices 20a.20n are then installed at their selected locations in the wellbore 



11 



1 14 by any suitable method known in the art. 
2 

3 The producxion from each flow control device 20 achieves a certain 

4 initial equtiibrium. The data from the devices 30a-30n is processed to 

5 determine the fluid constituents, pressure drops, and any other desired 

6 parameters. Based on the results of ^e computed parameters, the initial or 

7 starting reservoir model ts updated. The updated model is then utilized to 

8 determine the desired flow rates for eadi of the zones Z^-Z^ that will 

9 substantially equalize the production from the reservoir 1 1 . The flow rate 

10 through each of the flow control devices 20a*20n ts then Independentiy 

1 1 adjusted so as to uniformly deplete the reservoir. For example, if a particular 

12 zone starts to produce water at more than a preset value, the flow control 

13 device associated witfi such zone is activated to reduce the production from 

14 such zone. The fluid production from any zone producing mostiy water, may 

15 be completely turned off. This method allows manipulating the production 

16 from the reservoir so as to retrieve tlie most amount of hydrocartx>ns from 

17 a'gh^en reservoir. Typically, the flow rate from each producing zone 

18 dacreases over tirm. The system of the present invention makes it possible 
18 to independently and remotely adjust the flow of fluids from each of the 
20 producing zones, vsnthout shutting down production. 

21 
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1 The controJ units 26ii-26n may communicate with each other and 

2 control the fluid flow through their associated flow control devices to 

3 optimize the production from the wellbore 14. The instructions for 

4 cortroUing the flow iMy be programmed in downholemeniory (not shown) 
6 associated with each such control unit or in the surface control unit 50. 

6 Thus, the present invention provides a fluid flow control system 10, wherein 

7 the flow rate associated with a number of producing .rones 2!,^ may be 

8 indefwndently adjusted, without requiring physical intervention, such as a 
.9 shifting device, or requiring the retrieval of tiie flow control device or 
10 nequiring shutting down production. 

11 

12 The surface control unit 50 may be programmed to display on the 

• 13 display unit 52 any desired information, including the posttion of each flow 

14 control velve 24a-24n, the flow rate from each of the produdng zones Z,-?,, 

15 on/water content or oU and gas content, pressure and temperature of each 

16 of the producing zones 2,-Z„, and pressure drop across each flow control 

17 device 208-20n. 

18 Still refemng to HQ. 1, as noted above, the system 10 contains 

19 various sensors distributed along the wellbore 14, which provide information 

20 about the flow rate, oil, water and gas content, pressure and temperature of 

21 each zone 2,^2,. This information enables dctennlnation of the effect of 

13 



1 each production zone 2,-Z, on the reservoir 1 1 and provides early warnings 

2 about potential problems with the wellbore 14 and the reservoir 1 1 . The 

3 information Is also utilized to determine when to perform remedial work, 

4 vWilch may include deaning operations and injection operations. The system 

5 10 Is utilized to deterinine the tecatiw and extent of the iniection operate 

6 and also to monitor the injection operations. The system 10 can be operated 

7 from the surface or made autonomous, wherein the sysMm obtains 

8 infomiation about downhole parameters of interiBSt, communicate 

9 information between the various devices, and takes the necessary actfons 

10 based on programmed instructions provided to the downhole control units 

1 1 26a-26n. The system 10 may be designed wherein the downhole control 

12 units 16e-16n communicate selected results to the surface, communicate 

13 results and data to the surface or operate valves 24a-24n and 30a-30n 

14 based on commands received from the surface unit 50. 
IS 

16 RQ. 2A shows a.partial schematic view of a flow control device 200 

17 for use in the system of FIG. 1 . The device 200 has an outer sand control 

18 element 202 and an inner cylindrical member 204 together forming a fluid 
19* channel 206 theretotween, Formirtion fkiW enters the channel 206 via the 

20 sand control element 202. The channel 206 delivers the formation fluid 210 

21 to one or more spiral tubings or conduits 214 or tortuous paths, which 

14 



A between the inlet and the outlet of the spiral 
1 reduce the pressure drop between th 

3 produc^ontui,in«Z20fro.whe.e.istran.po«ed. 

na. 2B Shows a partial cut-off view of e sand cor«ro. section 235 for 
e „.w-r.t.«owoontr.de^200cfB0.2....udes«>outers^ 

«,««na orotrudad surf aces 240 and indented or receded 

7 235 Which has alternating protruaeo 

«.rf«oes 240 have sides 244 cut at an angle 

8 surfaces 242. The pn>tnided surfaces 240 ha 

^.^inn This vector design inhibits the impact effect of 

9 providing a vector design. This ve« . ^ ^ 

^ the screen 250. which is dispose 

10 thefonnationfluidontheshro«d238andthescrean250. 

11 jnside the shroud 235. 

« ^i^21*nu.*«-1^«-''-.««VP.«-«c««a*.tub«.«-ev.» 

^..w;r.nft 1-4 A common flow control 
19 ™,p«tively conool flow *»u9h tubmg. 1-4. A eo 
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1 pressure sensors etc. may be placed at any suitable location in the device 

2 200. In FIQ. 3, flow measuring devices 314a-314d are shown disposed at 

3 the tubing 1-4 outlets. The output from the tubings 1-4 is respectively 

4 shown by qi-<i|. A suitably disposed control unit 330 controls the operation 

5 of the valves 310a-3l0d and receives infomfwtion from the devices 314e- 

6 314d. The control unit 330 also processes Information from the various 

7 suitably disposed devices and sensors 320 that preferably include: resistivity 

8 devices, devices lo determine the constituents of the formation fluid, 

9 temperature sensors, pressure sensors and differential pressure sensors, and 

10 communicates such Infonnation to other devices. Including the surface 

1 1 control unit 50 (RG. 1 ) and other control units such as control units 26a-26n 

12 (FIG. 1). 
13 

14 RGS. 4 and 5 illustrate examples of flow rates from multiple reservok 

15 segments. In RGS. 4 end 5, the flow rates Q,-Q^ correspond to the zones 

16 Z,-Z„ shown In RG, 1. The actual flow rates are determined es described 

17 above. By maiilpulating the flow rates Q,-Q., optimum ftew rate profile for 

18 the reservoir can b« obtained. The total reservoir flow rate Q shown along 

19 the vertical axis is the sum of the individual flow rates QfQ.. Here the fluid 

20 regulating device (such as 310a^10n, BQ 7) utilteed ti> control tiie fluid 

21 discharge from the tortuous patfi operates at a fluid velocity where tiie fluid 

16 



1 flow from the fonnation is substantially insensitiye to pressure ohanges in 

2 theform8tionnearthe.flowcorrtroldevioeand,thus.actsasac^ 

3 for oontroUing the fluid discharge from the f om^ation. This is showr. by the 

4 position between dotted lines In FIQ. 5. where Ap Is the press«« drop. 

5 

6 m. 6 shows how adjusting the flow rate O can reduce or efiminate 

7 production of unwanted fluids from the resenroir. hshows the potential 

8 impact of adjustlnfl the flow rate on the production of constituents of the 

9 fom«rtionfluid.0.denotestheoaflowrateandQ.denoteathe^^^ 

10 ratefromaparticularzone.Asthefom,atlonfluldflowcontlne«sovertime^ 

11 the water production 0..may start to increase at time T, and continue to 

12 increase as shown by the curved section 602. As the water production 

13 increases; the oil production decreases, as shown by the curved sections 

14 604. The system of the pmsent Invention would adjust the flow n«e/l.e., 

15 increase or decrease the production so as to reduce the water production. 

16 The example of HQ. 6 shows that decreasing the overall production Q from 

17 level 610 to 612 reduces the water production from level 608 to level 609 

18 andVtabnixestheoyproductlonatleveieZO. Thus, m the present Invention, 
* 10 the overall production from a reservoir is optimized by manipulating the 

20 production flows of the various production zones. The above described 

21 methods equally apply to production from multi-lateral wellbores. 
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1 

2 FIG. 7A-7C show an attemative method of equalizing production from 

3 a horizontal wellbore. RG. 7A shows a Horizontal wellbore with zones 702, 

4 704 and 706 having different or contrasting permeabilities. The desired 

5 production from each of the zones Is determined according to the reservoir 

6 model available for the wellbore 700, as described above. To achieve 

7 equalized production from the various zones, a flow control devtee 710 in 

8 the form of a relatively thin liner is set in the welllbore 700. The liner 710. 

9 has openings corresponding to the areas that are selected to be produced in 

10 proportion to the desired flow rates from such areas.* the openings are 

11 preferably set or made at the surface prior to installation of the liner 710 in 

12 the wellbore. To Install the liner 710, an expander device (not shown) is 

13 pulled through the inside of the liner 710 to create contact between the 

14 fonnation 700 and the liner 710. A sand control finer 712 is then run in thd 

15 wellbore to ensure borehole stability when the wellbore is brought to 

16 production. Thus, in one aspect, this method comprises: drilling and logging 

17 a wetlbore; determining producing and isolated intervals of the wellbore; 

18 installing reservoir inflow control system; installing a production liner in the 
19- wdlbore; installing a production tubing in the wellbore; and prpdudrig 
20 formation fluids. 

21 
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1 . A system for produdng Ibnnafion fluid through a production tubing in a 
wellboie ftxmed in a foriTiation oornprisi^^ 

(a) at least one fluid flow device disposed in the weltt)ore, each 
said at least one fluid flow device having a flow line redudng 
pressure between an inlet receiving suqh fluid and an outlet 
discharging said fluid into the pnodudion tubing; 

(b) A flow regulation device controlling flie fluid discharge from 
each s^ flow line; and 

(c) A control unit for controlling the operation of the flow regulation 
device to control the fluid flow into the production tul>ing. 

2. The system of daim 1 wherein the at least one fluid flow device 
indudes a plurality of spaced apart fluid flow devices ananged serially in the 
weHbore. 

3. The system of dsdm 2 wherein the control units control the flow of 
fomiation fluid through each fluid flow device. 

4. The system of daim 3 wherein the control units control flie flow upon 
receiving a command sign from a remote location. 
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1 5. The system of any preceding claim wherein the flow line is a tubing helically 

2 arrangedaroundalubularniernber.providlngatortuouspalhfbrtte 

3 formation fluid therethrough. 
4 

5 

6 6. The system of any preceding claim wherein the flow line indicates a plurality of 

7 tortuousflowpalh5andthecontroldevlcecorrtrolsthe.flow 

8 fluid through said tortuous paths. 

9 
10 

,1 7. The system of any preceding claim wherein each control unit operates 

12 independently to subslanliany uniformly deplete the ceseivolr. 

13 

.,4 8. The system of any preceding claim further comprising a sensor in the well bore 

16 providing measurements for a downhole production parameter. 
16 

17 9. The system of claims Wherein the control unit operates the flow 

18 reoulation device as a functton of the downhole productionparametBr. 

'19 

20 10. -niesyslemofdalmgwherelnthedownholeprodudionparamelsris 

21 one of (a) temperature. (b)pressure.(c)1kw« flow rate, and (d)re6istK^^ 

21 



11. A sand cx)ntrol devioe for use in a wellbore comprising: 

(a) a shroud having plura%ofaltemafing protruded surfaces and 
receded surfaces wlh the protruded surfaces having irregular 
surface adapted to reduce ttie impact of the fbnnation fluid on 
the shroud; and 

(b) a screen disposed In Vne shroud for preventing the flow of 
certain particulates from passir^ the screen. 

12. A method of equalizing productfon from a wellbore having a plurality 
of production zones comprising: 

(a) Conveying an expandable liner into the weUbore. said 
expandable finer having flow paths adjacent each producHon 
zone for allowing the fomiatlon flukJ to flow from the production 
zones bito the weObc^; and 

(b) expanding the Hner within the wefl to place said liner In contact 
witti the welltMre walls; and 

(c) placing a sand control device adjacent each flow path in said 
liner. 

13. A system for produdng fomiation fluid through a production tubing in 
a wellbore formed in a fomiation subsfantially as hereinbefore descrit>ed 
with reference to the accompan^ng drawings. 
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14Asandcont«.ldevk»f6.useina«eM>oresubsantlallyas 
hereinbefo» descnbed ««h m!e«nee to the ac«Knpa«yina d««n9s. 

o, pioductton zones substa,** as t««inb«lore descrtbed «th 
reference to the accompanying drawlnas. 



23 



QflBoe 

Application No: GB 9809705.8 Examiner: Richard Collins 

Claims searched: 1-10+13 Date of search: 1 October 1998 




Patents Act 1977 

Search Report under Section 17 

Databases searched: 



UK Patent Office coUections, including GB, EP. WO & US patent specifications, in: 
UK a (Bd.P): EIF FLE, FLM, FLW, FJF. 
lot a (Ed.6): E21B 

Other: None 



Category 


IdentiQr of document and relevant passage 


Relevant 
to 


A 
A 

A 


GB 2302114 A (Baker Hughes Incorporated) abstract. 

GB 851096 A (Sun Oil Co.) Whole docmnent. 

US 5597042 A (Baher Hughes Incorporated) abstract. 





X Dooumett ir««*'^E lack of novelty or invemive step 
y Documem j^traam^ lack of jDvendve step if combiDed 
wiAi or laott other docuineots of same category . 

A Member of die same patent Cam^r 



A DoQiment indicatiQg tecfanologic al background and/or state of the mi . 
P Documeat puUisbed on or after die declared prioriiy dale but before 

die filing date of dus invention. 
£ Patem dffry"*«« published on or after, but widi priority 

dian. die filii^ date of diis application. 



An Executive Agency of the Depanment of Trade and Industry 



• ^ r 




